Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 1997 2. REPORT TYPE 00-00-1997 to 00-00-1997
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
A Qualjtltatlve Fracture Mode for the Initiation of Submarine £b. GRANT NUMBER
Landslides

5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Univer sity of Hawaii,Department of Geology and Geophysics,2525 REPORT NUMBER

Correa Road,Honolulu,HI,96822

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 2
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



A QUANTITATIVE FRACTURE MODEL FOR THE INITIATION OF
SUBMARINE LANDSLIDES

Stephen J. Martel
Department of Geology and Geophysics

University of Hawaii
2525 Correa Road

Honolulu, HI 96822

phone: (808) 956-7797 fax: (808) 956-5148
e-mail: martel@soest.hawaii.edu
Award #: NO0014-96-1-0353

LONG-TERM GOALS

My long term goals are to develop, test, and clearly present new quantitative methods for evaluating stresses
in the earth's crust and for understanding fracture or fracture-like phenomena and associated deformation,
especially phenomena pertaining to faults and landslides.

SCIENTIFIC OBJECTIVES

The main scientific objectives of thercent progct are to identify and bettanderstand
the factors controlling where submarine landslide slifiese nucleate, how they
propagte, and how dermationaccumulates in the incipient stages of landsliding.

APPROACH

Elasticity theory, facture mechanics concepts, and field observations are being combined
in this progct. Two- and three dimensiordundary element models are used in the
analyses.

WORK COMPLETED

A suite of geologic maps, cross-sections, arfdrdeation dita on subaerial landslides
have been acquired courtesy of William Cotton Asgocates androm other sources;
this material Wl serve as analogiformation to test our model results against.

A three-dimensional boundary element code, POLY3D, has been modified, tested, and
shown to satisfactorily match available analytical solutions penny-shaped shear
fracture. Completion of this work satisfied the remaining M.S. requirement ificardv

Boger. A journal article by Martel and Boger that applies the revised version of POLY3D
to secondary #&cturing around strike-slip faults has been stigahito the durnal of
Geophysical Research.

A series of computer simulations have been cotetlito evaluate the elastic stresses in
slopes of finite extent under gréationalbody forces, including some cases with growing
landslide failure surfaces. A tadimensional boundary element method has been
developed to evaluate the elastic stresses in slopes of arbitrary geonusry
gravitationalbody forces.



RESULTS

Landslide failure surfaces appear highly likely to nucleate at or neanrflaees of a

slope, especially at notches in slopes, and to pedpagpslope. This new result is
consistent with the nature of stress concentrations in a slope and along a shear fracture,
and with field observations of landslides. The greatest displacements associated with
incipient sliding will occur in the toe region of a slide mass if a failuréase nucleates

near the surface of a slope. Landslide failuméages that nucleate at depth and then
propagte upslope and downslope @rene to develop a more congaied, stepped,
geometry than those that nucleate near tinase of a slope.

The size, shape, and orientation ofs®tary factures documented around small strike-
slip faults can be explained well based on the results from POLY3D elastic modeling.

IMPACT/APPLICATIONS

Two direct applications emerder avoiding landslide hazards. First, notches in slopes
known or susected to be marginally stableaild be avoided; that is where failure
surfacegprobably nuaate in many cases. Adjacent regions upslope and downslope of
prominent notches should be avoided also. Second, monitoring @fodiepdnts of slides
that are known to be developing should focus on the toe regions, where theestisght
"signal” will be largest.

The 2-D boundary element method for analyzing elastic stresses and deformation in
slopes of arbitrary shape has widespread applicatiponoethe scope of the current

study (e.g., GPS-based deformation surveys, growth of volcanoes, intrusion of dikes
through the oeanic crust, stdllty of boreholes and tunnels). It can be extended to three
dimensions using POLY3D.

TRANSITIONS

The POLY3D results are being used in collaborative work with Kevin Hestir and James
Evans of Utah State University to develop an inversiorhatefor fluid flow along faults.

RELATED PROJECTS

A project on the three-dimensiorfaldrogeology of faults, supported by the U.S.
Department of Energy, has benefited direfrityn the work on POLY3D.
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